Rare cutting restriction endonucleases were used to cut the Streptococcus mutans chromosome into large fragments. Restriction enzymes utilizing recognition sites containing 6-, 7-, or 8-base-pair sequences with only G and C nucleotides produced few fragments, most of which were >100 kilobase pairs in size. Addition of the fragments from digests of SmaI, NotI, ApaI, RsrII, and EagI yielded a molecular size for the S. mutans GS-5 genome of 2,819 + 60 kilobase pairs.
Pulsed-field gel electrophoresis can be used for the separation of large DNA fragments up to >10 megabase pairs in size (3, 12) . Combining this technique with controlled restriction digestion by rare cutting restriction endonucleases permits restriction analysis of whole bacterial genomes. This approach has recently been used successfully for several bacterial species, yielding accurate calculation of chromosomal size (2, 5, 7) and construction of restriction maps for the entire genome (1, 6, 13) . Obtaining restriction patterns of the whole chromosome is central to the construction of a physical map of the genome. In an ongoing effort to construct a complete physical map of the Streptococcus mutans genome, we have been able to identify a number of restriction endonucleases which yield large DNA fragments, five of which produced 19 or fewer fragments, the sizes of which were determined by field inversion gel electrophoresis (FIGE; 3) or contour-clamped homogeneous electric field (CHEF; 4) electrophoresis or both. Addition of these fragments was used to determine the molecular size of the S. mutans GS-5 chromosome.
S. mutans GS-5 (10) was routinely cultured in ToddHewitt broth (Difco Laboratories, Detroit, Mich.) supplemented with 2% glucose and 0.1% L-cysteine (THG) at 37°C. Cultures were stored frozen at -70°C as lOx concentrates in THG containing 10% glycerol. High-molecular-weight DNA was prepared from bacteria embedded in agarose beads by a modification of the method of Piggot and Curtis (11) . One milliliter of a lOx -frozen glycerol culture was added to 30 ml of fresh prewarmed THG and incubated at 37°C. The optical density of the cultures was monitored until the culture reached the mid-log phase of growth (approximately 5 x 107 to 1 x 108 cells per ml). The cells were pelleted by centrifugation and suspended in 1 Figure 1 illustrates typical CHEF (panel a) and FIGE (panel b) digests, using various restriction enzymes. Additional electrophoresis conditions were used to resolve material poorly resolved in any one gel. As would be expected (9) , due to the low G+C content (36%) of the S. mutans GS-5 genome, restriction enzymes which recognize sites containing only G and C residues resulted in the fewest number of bands and the largest number >100 kilobase pairs (kbp) in size. EcoNI, PflMI, and BssHII all produced a large number of fragments, most of which were smaller than 100 kbp. BssHII did, however, produce a number of larger fragments ranging from 100 to 200 kbp which could be useful as probes in subsequent mapping experiments. The other enzymes used produced at least 10 fragments >100 kbp. All of these endonucleases should be valuable in the construction of a restriction map of the S. mutans genome.
Five restriction endonucleases, SmaI, NotI, ApaI, RsrII, I Each fragment listed represents the mean of at least five different gels for fragments >100 kbp and at least four gels for fragments <100 kbp, with the exception of the EagI fragments, which represent only two gels. Conditions in addition to those listed in the legend to Fig. 1 were used to resolve fragments that were poorly resolved.
C Two fragments are thought to comigrate in this position.
and EagI, consistently produced fewer than 20 fragments which could be separated by using the pulsed-field conditions described above. The number of fragments and their sizes are listed in Table 2 . The distance each fragment traveled in the gel from the origin was measured, and sizes of DNA fragments obtained were calibrated by using a lambda DNA ladder and lambda HindlIl digests as molecular size markers. Addition of all sizes of fragments generated by these enzymes was used to determine the molecular size of the S. mutans GS-5 chromosome. The size determinations ranged from 2,710 kbp, for RsrII digests, to 2,855 kbp, for ApaI digests, with a mean value of 2,819 kbp. This size is in reasonable agreement with the genome size of S. mutans GS-5 which has been estimated previously by using reassociation kinetics without correction for base composition (8) to be 1.79 x 109 daltons, corresponding to 2,725 kbp. Visualization and size measurement of restriction fragments directly by pulsed-field gel electrophoresis provide a more accurate means of determining genome size. The identification of several rare cutting restriction endonucleases which produce a number of large fragments will be useful in the further analysis of the S. mutans GS-5 genome. Known S. mutans genes which have been cloned can be localized on specific fragments by Southern hybridization. Also, the large fragments generated by one restriction endonuclease can be used as labels to probe restriction digests produced by other restriction enzymes. The use of such a procedure would identify adjoining fragments that hybridize with the same probe and would provide a means to construct a physical map of the entire S. mutans GS-5 chromosome.
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